The objective of this study was to estimate the carbon stock in the different designs of biodiverse agroforestry systems (AFSs) in the region of the Environmental Protection Area (EPA) of Pratigi, Bahia, Brazil. Phytosociology aspects related to the potentiality of carbon stock of 10 farms were evaluated using plots of 10 x 50 m allocated in each AFS, inventorying 928 individuals of 17 families and 37 species, established in 2013. The biomass above and below the soil of the arboreal individuals were estimated by indirect method, using specific allometric equations for each species or group of species, with diameter above 1 cm. Carbon stock (CS) was estimated from the biomass. Cacao (Theobroma cacao) and rubber tree (Hevea brasiliensis) were the dominant species in all of the designs, which also contained fruit trees, and native and exotic shade trees. There was variation of the estimate of carbon stock (8.01-1.42 Mg ha -1
Introduction
Changes in climate regimes affect food security and food production, with direct and indirect effects on agricultural activity, and agroforestry systems are recognized as an alternative to mitigate such impacts (Kirsch & Schneider, 2016) . The possibility of food cultivation in agroforestry refers to several types of environmental services, with great current relevance to those related to carbon sequestration and fixation, aligning the needs of adaptation and mitigation of climate change (Somarriba et al., 2013) .
The management of agroforestry systems has high potential for carbon sequestration due to multi-layered architecture, with shrub and tree species that occupy different niches in vertical and horizontal directions (Canuto et al., 2014) . However, there is a variation in the amount of carbon stock, related to the design and tree species that make up the system (Brianezi et al., 2013) .
In spite of the verification of the real socio-economic and environmental benefits resulting from the adoption of biodiverse AFSs by farmers, the knowledge base on this subject in the region of the Environmental Protection Area (EPA) of Pratigi needs to consolidate this form of cultivation. The conservation value of AFSs can be influenced by the intensification of management practices, such as species design and selection, and agroecological management (Armengot et al., 2016) .
From the composition and density of the species, an AFS design can be established with a balance between environmental conditions favorable to cacao yield and maintenance of environmental services (Deheuvels et al., 2014) .
In this context, this study was conducted with the purpose of establishing the relationship between the species in different designs of biodiverse AFSs and carbon stock, in their initial phase of development.
Material and Methods
The study was carried out in a microregion in the environmental protection area of Pratigi (EPAof Pratigi, 39º 07' W, 39º 13' W and 13º 30' S, 13º 52' S), inserted in the ombrophilous forest (perennial-rainforest) biome called Mata Atlântica (Atlantic forest), municipalities of Piraí do Norte and Ibirapitanga, Bahia, Brazil (Figure 1 ). This region is characterized by considerable rainfall, with vegetation in areas of primary and secondary forests. The predominant climate in the region is Tropical rainforest (Af) and Tropical monsoon (Am), according to the classification of Köppen. The precipitation is higher than 60 mm for the driest month and the total annual mean is above 1600 mm, with mean temperature of 24 ºC and relative air humidity around 80% (CRA, 2000) . Soil classification indicates a predominance of abrupt (or not) yellowish Argisol, sandy/clayey texture, undulating or strongly undulating phase + Haplic Cambisol Typical Tb, clayey medium texture, strong undulating relief phase, both Moderate Dystrophic A (CRA, 2000) .
The plots were established in ten small farms of family farmers, where each one has one hectare of biodiverse AFS, aged four years, established in an abandoned pasture area, with the purpose of recovering unproductive areas, and the designs of these systems were defined in a participatory manner between Technical Assistance and Rural Extension professionals and farmers. Therefore, 10 rectangular plots of 10 x 50 m (500 m 2 ) were leased, one in each farm. AFS designs were characterized by dominant species (cacao and rubber trees) and groups of arboreal species according to their function in the system. The functions were differentiated in species of commercial use (fruit trees), characterized by the commercialization of the fruits, and native and exotic species (shade trees). All trees present in the plot were identified by popular names, with the help of farmers. These data were used to determine the absolute density, relative density of cacao trees, rubber trees, shade trees, wealth, ShannonWeaver diversity index (H'). This index expresses wealth and uniformity and in its calculation considers as equal rare and abundant species, and generally this index is usually between 1.5 and 3.5 (Magurran, 1989) .
The evaluation of the amount of biomass was carried out using the indirect method. In this method, biomass can be inferred through plot-level measurement of structural variables, using allometric equations specific to each species or group of species, considering the local situation (climate, ecosystem, and species) from measurements of diameter and height of the trees (Table 1) (Pearson et al., 2005) .
For native trees and rubber trees, individuals with diameter equal to or greater than 1.27 cm, measured with bark, at a height of 1.3 m (DBH, diameter at breast height) were used. For cacao and fruit trees the diameter determination was performed at 30 cm from the soil, maintaining the bark, in individuals with diameter equal to or greater than 1 cm. For palm trees occurring in clumps, such as açaí and cacao, each stipe represented an individual (Pearson et al., 2005) .
After determination of the biomass above the soil, the biomass under the soil was calculated, through the root-shoot ratio. For this, the above-ground biomass was multiplied by the factor 0.22 according to the Protocol of measurement and estimation of biomass and forest carbon of EMBRAPA (Higa et al., 2014 ) based on studies conducted by Mokany et al. (2006) . For the calculation of the total dry biomass (DB) of the plot, the sum of the biomass above and below the soil was used. After determination of the DB of each individual, the biomass per plot was calculated, the result being expressed in Mg ha -1 . Carbon stock (CS) estimation was performed by multiplying by the DB factor of 0.485, because DB contains approximately 48.5% of carbon (Montagnini & Nair, 2004) .
Data were tabulated and analyzed using ASSISTAT software, version 7.7, SAEG, version 9.1 and Microsoft Excel 2010. To verify the association between the variables, the Pearson linear correlation analysis was carried out. The methodology of dissimilarity grouping, Tocher's method, presented in Cruz & Carneiro (2006) was used. For this grouping, the carbon stock and the diversity index of Shannon-Weaver were considered, since they were the most important characteristics for this study.
Results and Discussion
In the 10 AFSs, 928 arboreal individuals belonging to 17 families and 37 species were analyzed ( Table 2 ). The floristic classification indicates that the five most representative families were: Fabaceae (eight species), Anacardiaceae (four species), Malvaceae (four species) and Myrtaceae (four species), constituting 40.12% of the total species listed. For the designs of AFSs regarding their tree composition when related to the profile of the farmer (Table 2) , it was observed that their design is linked to yield. Farmers who have retirement or other incomes outside the AFS make an option for lower concentration of cacao and larger concentration of native species, in contrast to those who have AFS as one of the main incomes.
In the Soubre region, located in the Republic of Côte d'Ivore, it was verified the preference of small farmers less financially benefited and those isolated from the larger centers for the introduction of tree species whose products had high demand in the local community (Gyau et al., 2015) . The possibility of producing crops with high value in large markets was not an important factor in the choice of species composition of AFSs by these farmers.
This result was reported by other authors such as Tsuchiya & Hiraoka (1999) for whom the farmer's profile defined the dominant crop and the number of shade species as a function of common agricultural practices in the region. For Donato & Lima (2014) the designs were influenced by economic characteristics, popular knowledge, ecological knowledge about the species and regional climatic conditions of the Ribeira Valley, in the state of São Paulo.
In the AFSs of this study, the designs led to differences in the carbon stock, varying from 1.42 to 8.01 t ha -1 (Figure  2A) , reflex of the different densities and species diversity that compose them. Similar data were found by Torres et al. (2014) in which the different designs studied in biodiverse AFSs varied the carbon content according to the established arrangement and the age of the system.
In all ten plots of AFSs, land use patterns were identified with individuals at different stages of vegetative development, however, there was difference between structural and floristic information, and carbon content estimates. The designs were classified by dissimilarity into three groups, from the potential of the quantified carbon stock and Shannon-Weaver diversity index (Table 3, Figure 2A ). CS conditioned the largest contribution to the proposed grouping in relation to the Shannon-Weaver diversity index.
When the relative density of the main components of the AFSs is observed, it is verified that the increase of the relative density of shade trees and fruit trees and the reduction of the relative density of cacao trees are associated with the greater capacity of carbon stock ( Figure 2B ). The wealth and diversity of species evaluated from the Shannon-Weaver diversity index (H') also have a great relation with the carbon stock potential of the AFSs under study (Figures 2C and D) . This fact was previously corroborated by Noiha et al. (2015) .
Group
Number Belonging individuals 1 4 2, 5, 4, 10, 7 2 3 1, 9, 3 3 2 2, 9 The AFSs of Group 3 had higher estimates of carbon stock, in relation to the other groups (Figure 2A ). This result was attributed to its composition, prioritizing the native tree component ( Figure 2C ). In a study conducted by Kurzatkowskiet al. (2007) , similar results were obtained, in which the design of arboreal composition with the occurrence of large trees planted in suitable spacing for each species allows the rapid growth, reflecting the total biomass and carbon stock.
Wealth, diversity (H'), and relative density of fruit trees maintained positive correlation with the carbon stock potential of the systems (Table 4) . Because these were AFSs R. Bras. Eng. Agríc. Ambiental, v.22, n.10, p.720-725, 2018.
with four years of establishment, the carbon sequestration potential of shade trees had less expression in relation to fruit trees. The initial vigorous growth of fruit trees was a factor associated with this response, similar to that verified by Silatsa et al. (2017) .
The relative density of cacao trees maintained negative correlation with the carbon stock, wealth, H', relative density of fruit trees, and shade trees ( Table 4 ). The increase in the relative density of cacao trees, considered as crop intensification, is observed in many areas of AFSs of cacao trees, being a restriction factor for the insertion of shade trees and fruit trees, reducing the carbon content of the system (Magne et al., 2014; Vaast & Somarriba, 2014) .
Decision-making in the establishment of a biodiverse AFS, even taking into account the objectives of each farmer and the local potentialities, tends to form agroecosystems with good multiplicity of use, generating sustainable model of agriculture and at the same time a supplier of environmental services, making these strategic systems to mitigate greenhouse gas (GHG) emissions.
Conclusions
1. The intensification of cacao plantations results in restriction of carbon stock capacity in the initial phase of establishment of biodiverse AFSs.
2. The designs with higher relative density of fruit trees and shade trees led to greater carbon storage in the initial phase of establishment of biodiverse AFSs.
3. The wealth, diversity of species, are directly related to the greater carbon sequestration potential of cocoa AFSs. CS -Carbon Stock; Wealth -Wealth; H' -Shannon-Weaver index; FTD -Fruit tree relative density, STD -Shade trees relative density, CTD -Cacao trees relative density, RTD -Rubber trees relative density, AD -Absolute density. ** Significant at 0.01 probability level (p < 0.01); * Significant at 0.05 probability level (0.01 ≤ p < 0.05); NS -Not significant (p ≥ 0.05); t-test at levels of 0.05 and 0.01
